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(54) A method of fabricating a TFT-EL pixel 

(57) A method of making a 4-terminal active matrix 
electroluminescent device that utilizes an organic mate- 
rial as the electroluminescent mecfium is described. In 
this method, thin film transistors are formed from poly- 



crystalline silicon at a temperature sufficiently lew such 
that a low temperature, sflica-ljased glass can t>e used 
as the 8ut)6trate. 
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Desolption 

Cross Reference to Related Applications 

5 Reference is made to commonly assigned US. Serai No. 08/355.742 entrUed TFTEL Diq^ Pdnel Usatg Organic 
Bectrohiminescent Media* by Tang et al and U.S. Serial Na 08^,786 entitled "An Bectrduminesc^ Dedce Kavir^ 
an Organic Electroluminescent Layer by Tang et al, both ffled concurrently herewith, the cfisciosures of which are incor- 
porated herdn. 

10 Field of the Invention 

The present invention relates to a process for making a 4-terminal active matrix thin-film-tranststor electrolumines- 
cent device that employs organic material as the electrolufTvnescent media. 

IS introduction 

Rapid advances in flat-panel display (FPD) technologies have made high quality large-area, full-color, high-resdu- 
tion displays possible. These d*^lays have enabled novel appGcations in electronic products such as ^ top computers 
and pocket-TVs Among these FPD technologies. Ik^d crystal display (LCD) has emerged as the display of chok;e in 

20 the marketplace. It also sets the technological standard against which other FPD technologies are compared. Exairples 
of LCD panels include: (1) 14". I&cda LCD panel for work stations (IBM and Toshiba. 1989) (see K. IcNkawa. S. 
SuzuW, H. Mating T AoW. T HigucW and Y. Oanoi SID Digest 226 (1989)), (2) 6". fuD-cotor LCD-TV (Phillips. 1987) 
(see MJ. Pdwell, J.A. Chapman, A.G. Knapp, I.D. French, J.R. Hughes. A.D. Pearson, M. ADinson. M J. Edwaitte, R.A. 
Ford, M.C. Hemmings. O.P Hill. D.H. Nicholte and N.K. Wright Proceeding. International Display Conference. 63. 1987). 

25 (3) 4- full-color LCD TV (model LO424A01, Sharp. 1989) (see Sharp Corporation Technkal Literature for model 
LQ424A01). and (4) 1 megapixel cofored TFT-LCD (General Electric) (see D.E. Castleberry and aE. Piossin, SID Digest. 
232 (1988)). All references, including patents and publicatkxis. are incorporated herein as if reproduced m full bekiw. 

A common feature in these LCD panels is the use of thin-film-transistors (TFT) in an active-adcfressing scheme. 
whk:h relaxes the limitations in direct-addressing (see S. Morozumi, Advances in Etectronk;s and Electron Physics. 

30 edited by RW. Hawkes. V61. 77. Academic Press 1 990). The success of LCD technology is in large part due to the rapid 
progress In the fabrication of large-area TFT (primarily amorphous silicon TFT). The almost ideal match between TFT 
switching characteristics and electrooptk: LCD display elements also plays a key role. 

A major drawback of TFT-LCD panels is they require bright backlighting. This is because the transmission factor of 
the TFT-LCD is poor, particulariy for colored panels. Typically the transmissfon factor is about 2-3 percent (see S. Moro- 

._ .35 zurni. Advances iri Electronics and, Bectron Physics, edited t^ RW 

consumption for backlighted TFT-LCD panels is considerable and adversely affects portable clispl^ applicatfons requir- 
ing battery operatfon. 

The need for backlighting also irrpairs miniaturization of the flat panel. For example, depth of the panel must be 
increased to accommodate the backlight unit. Using a typical tubular cold-cathode lamp, the additional depth is about 
40 3/4 to 1 inch. Backlight also adds extra weight to the FPD. 

An kJeal sdutfon to the foregoing limitation would be a low power emissive display that eliminates the need for 
backlighting. A particulariy attractive candidate is thirhfam-transistor-electroluminescent (TFT-EL) cf splays. In TFT-EL 
displays, the individual pixels can be addressed to emit light and auxiliary backlighting is not required. A TFT-EL scheme 
was proposed by Fischer in 1971 (see A.G. Fecher. IEEE Trans. Electron Devices. 802 (1971)). In Fischer's scheme 
4S powdered ZnS is used as the EL medium. 

In 1975. a successful prototype TFT-EL panel (6*0 was reportedly made by Brody et al. using ZnS as the EL element 
and CdSe as the TFT material (see TP Brody. F.C. Luo. A.R Szepesi and D.H. Davies. IEEE Trans. Bectron Devices. 
22. 739 (1975)). Because ZnS-EL required a high drive voltage of more than a hundred volts, the switching CdSe TFT 
element had to be designed to handle such a high voltage swing. The reliability of the high-voltage TFT then became 
so suspect Ultimately. ZnS-based TFT-EL failed to successfuHy compete with TFT-LCD. U.S. Patents describing TFT-EL 
technology include: 3.807.037; 3.885,196; 3.913.090; 4,006,383; 4.042.854; 4,523,189; and 4,602,192. 

Recently, organic EL materials have been devised. These materials suggest themselves as candidates for display 
mecfia in TFT-EL deuces (see C. W. Tang and S.A. VanSlyke. Appl. Phys. Lett. 51 . 91 3 (1987). C.W. Tang, S.A. Vandyke 
and C.H. Chen, J. Appl. Phys.. 65. 3610 (1989)). Organic EL media have two important advantages: they are highly 
55 efficient, and th^ have low voltage requirements. The latter characteristic dstinguishes over other ttiin4ilm emissive 
devfoes. Disctosures of TFT-EL devices in which EL is an organic material include: U.S. Patent Nos. 5,073,446; 
5.047.687. 5.059,861; 5.294.870; 5.151,629; 5,276.380; 5.061,569; 4,720.432; 4.539.507; 5.150.006; 4.950.950; and 
4,356.429. 

The particular properties of aganic EL material that make it ideal for T1=T are summarized as follows: 



2 



EP0717439A2 



1 ) LoMHvoHage driva TypkaDy. the organic EL ceO requires a voHage in the range of 4 to 1 0 volts depending on the 
OgW outpirt le/el and the cell inpedance. The voltage rec?uired to prod^ 

Thfe low vi^ge s highly attractive for a TFT-EL panel, as the need for the high-voltag TFT is eOminated. Further- 
more, the organic EL ceO can l)e driven by DC or AC. As a result the driver drcurty ts less conplicated and less 
expensive. 

2) High efficiency. The lunmus efficiency of the organic EL cell fe as high as 4 lumens per watt. The cunent dwisity 
todrive the EL cell to produce a brightness of 20 fL is about 1 mA/cm2. Assuming a 100% duty excitation, the power 
needed todrive a 400 cnrtz fuD-page panel is about 2.0 watt& The power need will certainly meet the por^Oity 
enters of the flat panel cfisplay 

3) Low temperature fabrication. Organic EL devices can be fabricated at about room temperatura Thfe is a significant 
advantage compared with inorganic emissive devices, which require high-temperature (>300*C) processing. The 
higfv-temperature processes required to make inorganic EL devices can be inconpatiWe with the TFT 

The simplest drive scheme for an organic EL panel is to have the organic display nredium sandwiched between two 
sets of orthogonal electrodes (rows and columns). Thus, in this two^emrinal schema the EL element serves both the 
display and switching functions. The cfiode-iikB nonDnear current-voltage charactwfetic of the organic EL element shcwiW, 
in principle, penmit a high degree of multiplexing in this mode of addressing. However, there are several major factors 
limiting usefulness of the two-terminal scheme in connection with organic EL 

1) Lack of memory The rise and decay time of the organic EL is very fast, on the order of 

not have an intrinsw m«nory Thus, using the direct addressing method, the EL elements in a selected row would 
have to be driven to produce an instantaneous brightness proportional to the number of scan rows in the panel. 
Dependng on the size of the panel, this instantaneous brightness may be difficult to achieve. For exanpie. consider 
apanelof 1000 scan rows operating at a frame rate of 1/60 seconds. The altowaWe dwell time per row is 1 7 jis. In 
order to obtain a time-averaged brightness of. for example. 20 R. the instantaneous brightness during the row dwell 
time would have to be a thousand times higher, i.e., 20,000 Fl, an extreme brightness that can only be obtained by 
operating the organic EL ceO at a high current density of about 1 A/cn»2 and a voltage of about 15-20 voHs- The 
long-term reliability of a ceD operating under these extreme drive conditions ^ doubtful. 

2) Uniformity. The cunent demanded by the EL elements is supplied via the row and column buses. Because of the 
instantaneous high current, the IR potential drops along these buses are not insignificant conpared with the EL 
drive voltaga Since the brightness-voltage characteristic of the EL is nonlinear, any variatxxi in the potential along 
the buses will result in a non-uniform fight output. 

Consider a panel with 1000 rows by 1000 colunrrc with a pixel pitch of 200^ x a 
ratio of 0.5. Assuming the column electrode is indium tin oxide (ITO) of 10 ohms/fequare sheet (Q/b) resfetance, the 
r^stanw of the ^e TO bus One is^ least 10.000 ohnre. The IR drop along tWs bus line for an instantaneous 
pixel cunent of 800 |iA (2A/cnrt2) is more ttian 8 voHs. Unless a constant current source is implemented in the drive 
schema such a large potential drop atong the ITD bus wiD cause unacceptable non-uniform light entission in the 
panel. In any case, the resistive pcwer loss in the bus is wast^l. A similar analysfe can be perfbnned for the row 
electrode bus that has the additnnal burden of carrywig the total cunrent delivered to the entire row of pixels during 
the dwell time, i.e., 0.8 A for the 1000-column panel. Assuming a 1 jun thick aluminum bus bar of sheet resistance 
about 0.028 ohms/square the resultant IR drop is about 1 1 volts, which is also unacceptaUa 

3) Electrode patterning. One set of the orthogonal electrodes, the anode - inrfum tin oodda can be patterned by a 
coriventional photolittioyaphk: method. The patterning of the ottier set of electrodes however, presents a major 
difficulty peculiar to the organic EL device. The cattiode should be made of a metal having a work functbn lower 
than 4eV. and preferably magnesium altoyed with another metal such as silver or aluminum (see Tang et al., U.S. 
Patent No. 4.885.432) The magnesiunvbased al toy cathode deposited on top of the organic la/ers cannot be easily 
patterned by any conventional means InvoMng photoresists. The process of applying the p^ 

solvent on the EL cell deleteriously affects the soluble organto layer undemeath the magnesiunvbased alk^ layer. 
This causes delamination of the organic layers from the substrata 

Another difficulty is the extreme sensitivity of the cattiode to moisture. Thus, even if the photoresist can be 
successfully applied and developed without perturbing the organic layers of the EL cell, the process of etching the 
magnesiunvbased aDoy cathode in aqueous acidic solution is likely to oxidize the cathode and create dartc spots. 

Summary of the Invention 

The present invention provides an active matrix 4-terminal TFT-EL device in which aganic material is used as the 
EL medium. The device comprises two TFTs, a storage capacitor and a light emitting organic EL pad ananged on a 
substrate. The EL pad is electrically connected to the drain of the second TFT The f ir^ TFT is electrically connected to 
the gate electrode of the second TFT which in turn is electrically connected to ttie capacitor so that following an excitation 
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Signal the second TFT is able to SMpply a nearly cons^ EL pad betwewisigmtew The TFT-EL devices 

of the present invention are typically pixels that are formed into a flat panel display. preferal)ly a display in which the EL 
cathode is a continuous layer across all of the pnxels. 

The TFTK)fganic EL device of the presert invention are fomied i^ 
5 Afiretthin.fiIm-transislor(TFT1)fecBsposedovw*^ 

electrode, a drain electrode, a gate dielectric, and a gate electrode, and the gate electrode oonprises a portion of a gate 
Ixjs. The source electrode of TFTI fe electrically connected to a source bus. 

A second thin^Invtransfetor (TFTZ) is also disposed over the top surface of the substrate, and TFR2 alsoconprises 
a source electrode, a drain electrode, a gate dielectric, and a gate electroda The gate electrode of TFT2 is electrically 
10 connected to the drain electrode of the first thin-filnvtransistor. 

A storage capacitor is also disposed over the top surface of the substrata During operation, this capacitor is charged 
from an excitation signal source through TFTI . and (fist^es during the dwell time to provide nearty constant potential 
to the gate electrode of TFT2. 

An anode layer is electrically connected to the drain electrode of TFT2. In typical applications where Brftt is emitted 
15 through the substrate, the display is a transparent material such as incfium tin ODdda 

A dielectric passivation 1^ is deposited over at least the source of TFTI. an^ entire surface 

of the devica The dielectric passivation layer is etched to provide an opering over the tf^lay anoda 

An organic electroluminescent layer is positioned directly on the top surface of the anode fayer. Subsequently a 
cathode layer deposited directly on the top surface of the organic electroluminescent layer. 

In preferred embodiments, the TFT-EL device of the present nnvention is made by a method using low pressure and 
plasma enhanced chemical vapor deposition combined with low temperature (i.a less than 600*C) crystalBzation and 
annealing steps, hydrogen passivation and conventional patterning techniques. 

The thin^ilm-trarreistors are preferably fomied simultaneously by a mufti-step process involving: 
the deposition of silicon that is patterned into polycrystalline silicon islands; 
25 chemical vapor deposition of a silicon dioxide gate electrode; and 

deposition of another polycryslalBne silicon layer which is patterned to form a self-aligned gate electrode so that 
after ion-impfanlation a source, drain, and gate electrode are fbmied on each tf« n4iIm-transistor. 

The constnjction of pixete having thirvfilnri-transistors composed of polyc^ 
improvements in device performance, stability, reprodudbility. and process efficiency over other TFTa In conparison 
30 TFTsconrposed of CdSe and amorphous silicon suffer from low nroW 

There are several important advanfages in the actual panel construction and drive anangement off a TFTorganlc 
EL device of the present invention: 

1) Since both the organic EL pad and the cathode are continuous layers, the pixel resolution is defined only by the 
35 feature size of the TFT and the associated dispfay ITD pad and is independent of the aganic conconent or the 

cathode of the EL cell. - - -r- 

2) The cathode is continuous and common to aU pixels. It requires no patteming tor pixel definition. The difficulty of 
patterning the cathode in the two^erminal scheme is therefore eliminated. 

3) The number off scanning rows is no longer limited by the short row dwell time in a frame period, as the addressing 
and excitation signals are decoupled. Each scan row is operated at dose to 1 00% duty factor. High resolution can 
be obtained since a large number of scan rows can be incorporated into a dispfay panel while maintaining unilbrm 
intensity 

4) The reliability of the organic EL element is enhanced since it operates at a low offrent density (InWcrtZ) and 
volt^e(5V) in a 100% duty factor. ' 

45 5) The IR potential drops along the buses are insignificant because of the use of a common cathode and the low 
cunrent der^ity required to drive the EL elements. Therefore the panel unHbnmity is not significantly affected by the 
size off the panel. 
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Brief Description of the Drawing is 

Fig. 1 is a schematic dfagram of an active matrix 4-terminal TFT-EL device. T1 and T2 are thin-fflm-transistors. Cs 
is a capacitor and EL is an electroluminescent layer. 

Rg. 2 is a dfagrammatic plan view of the 4-terminal TFT€L device of the present invention. 
Hg. 3 is a cross^ectional view taken along the line A-A' in Rgure 2. 

Rg. 4 is a cross-sectional view taken along the line A-A\ Olustrating the process off fbnrtng a selff-aligned TFT 
structure for ion implantation. 

Fig. 5 is a cross-sectional view taken atong the line A-A*. illustrating the processing steps off depositing a passivation 
oxide fayer and opening contact cuts to the source and drain regfons off the thin^flnHransistor. 

F^. 6 is a cross-sectional view taken along One A-A'. illustrating deposition off an aluminum electroda 
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F"* 7 is a cross-seclfonal view taken along line A-A\iDus^ 
layer that has been paitiaDy etched from the surface of the (Ssplay anod& 

Fig. 8 is a cross^»clional view taken along line A-A'.IIhjstetingth steps ofdepoeHing an electroluminescent layer 
andacathode. 

Fig. 9 is a cross-sectional view taken along line in Figiffe 2. 
Detailed Description of the Invention 
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Figure 1 shows the schematic of an active matrix 4-tenninal TFT-EL displ^ device. Each pixel element includes 
IvwTFTs, a storage capacitor and an EL element The m^or feature of the 4-tenn^ 
the addr^ing signal from the EL ewitation signal. The EL element is selected via the logic 
power to Ihe EL element is controlled by the power TFT (T2). The storage capacitor enables the excitalion power to an 
atMressed EL element to slay on once it is selected. Thus, the circuit provides a memory that diows the EL element to 

operate at a duty cyde dose to 100%. regardless of the time allotted for addressing. 

TTwconaructionoftheelectrDl^^ ^ 

sub^ of this device is an insulaling and preferably transparert material such as 

The term transparent as it is used in the presert disdosure. means that the conponert transmrls suffid^ 
pnadical use m a <fi^ay device. For example, conponents transmitting 50% a more of light in a desired frequency 

£0 8tX3VG dtX)Ut GOO^C. 

In the TFT-EL device iUustrated in Figure 2. TFT1 is the logic transistor with the source bus (column electrode) as 
fte <to and tl» gate bus (r<w eledrode) as the gate line. TFT2 is the EL power trana^ 
^TL line of TFT2 is connected to the drain of TFT1 . The storage capadtor is in series with TFT1 . The 

anode of the EL element is connected to the drain of TFT2. 

as ■'Reconstruction of the TFT-EL of Figure 2 is shown in cross-sectional view in Figures 3-9. The cross-se^ 
vi«vs shoiOT in Rgures 3-8 are taken atong sedion line A-A' in Rgure Z The cross^sedional view in Figure 9 is taken 
ak)nglineB-ffinFigure2. * -^wiaiwii 

'n*efirstprocessingstep.apolysiliconlayerisdepositedoveratransparentinsulalingsubstrateand^ 
lay«^s patterned into an island (see Fig. 4) by photoBthogra^^ 

quaite. but preferably is a less expensive material such as low temperature glass. it 
IS preferable ttHt the entire fabrication of the TFT-EL be canied out at low processing tenperatures to prevent meibVig 
or warping of the glass and to prevent out-difluskxi of dopants into the adive region. Thus, for glass substrates. a\ 
fabncatwn steps should be conduded below lOOO-C and preferably below 60C°C. 

N«t an irisulating gate material 42 is deposited over the pdysflicon island and over the suriace of the insulating 
substrate. Insulating material is preferably sificon dioxide that is deposited by a chemical vapor depositkm (CVD) tec^ 
nKpie such as plasma enhanced CVD (PECVD) or low pressure CVD (LPCVD). Preferably, the gate oxide insulaling 
layer IS about 1000A in thickness. m-w u«ui. mwuam^ 

In the next step, a layer of sakxm 44 is deposited o««r the gate insulator layer and patterned by photolithography 
war the pdysiBcon island such that after km implantatkm. source and drain regions are formed in the polysilicon island 
The gate electrode material is preferably polysilicon formed from amorphous silicon. Ion inplantation is conducted wilti 
N-type dopants, preferably arsenic. The polysilicon gate eledrode also serves as the bottom elediode of the cq>adtor 

(S68 rlQ. 9). 

In a prefened embodiment of the present inventnn. the thin film transistors do not utilize a double gate stnidure 
Thus manuladunng is made less oomplax and less expensiva 

A gate bus 46 is applied and patterned on the insulating layer. The gate bus is preferably a metal sflidde su^ 
tungsten sifidde (WSiJ. 

In the next steft an insulating layer, pr^erably silicon dioxkle. 52 is applied over the entire surfece of the devtee 
Contedhdw 54 and 56 are cut in the second insulating layer (see Fig. 5) and electro 
tomoonfads^ the thin^Hm-transistois (see Figs. 6 and 7). The eledrode material 62 attadied to the source region 

TFT2 dso fomis the top eledrode of the capadtor (see Rg. 9). A source bus and ground bus are als^ 
the second insulating layer (see Fig. 2). In contad with the drain region of TFT2 is a transparent eledrode material 72 

preferably ITD. wKch serves as the anode for the organic electroluminescent material. 

In the next steft a passivating layer 74 of an insulating material, preferably silicon dioxkle. is deposited over the 
surface the denca The passivatfon layer is etched from the TO 

improve the adhesion of the subsequenUy applied organic electroluminescent layer. A tapered edge is necessary to 
pnrtuM reliabte devk»s because the presort invention utilizes relatively thin organic E 
thidc The passivation layer is typkally about 0.5 to about 1 mkxon thidt Thus, if the edge of the passivation ^ 
a perpendicular or sharp angle with resped to the anode layer, defeds are likely to occur due to disoontinuM 
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organic EL lairer. To prevert defects Ihe passivafion layer 

IS tapered at an angle of 10 to 30 degrees with respect to the anode layer. 

The organic electroluminescent layer 82 is then deposited wer the passivation layer ard the EL anode layer Th 
matenab of the organic EL devices of this invention can take any of the li^ 

as ttose of Scooafava EPA 349^65 (1990); Tang U.& Pat Na 4.356.429; NfanSlyke et al. US. Pat Na 4 539 507- 
VanSlyke etal. US. Pat. No. 4.720.432; Tang et al. U.S. Pat Na 4.769.292; Tang ^ al. U.S. Patent Na 4 885 21 1 Pern 
et al. U.S. Bat Na 4.950.950; Uttman et al. U.& Pat Na 5.059.861 ; VfenSlyke U.S. Pal. Na 5 047 687' So^zzabva ^ 
al. U.S. Pat Na 5.073.446; VanSlyke et al. US. Pat Na 5.059.862; VanSlyke et al. U& Pat Na ^oei'siT- VanSiyke 
".iir^ " S- Pat Na 5.294.869: and Tang et al. US. Pat. Na 5.294,870. the disdosures of 

contert wnth the anodft and an electron injecfing and tiansporting zone fb™ 

and transportng zona The hole injecting and transporting zone can lie fexmed of a single material or mu^ 
and conprises a hole injecting layer in contact with the anode and a contiguous hole transporting layer interposed 
beh»e^the hole Injecting layer and the election injecting and tiansporfing zona Simlariy. the election injecting and 
taring awe can be fbmwd of a single material or multi^ 

contadhjrth the cathode and a contiguous electron transporting layer that is interposed between the electron injecting 
layw and the hole B^ecting and transporting zona Reconijination of ft^ occurs 
wrthin the electron injecting and transporting zone adjacent the junction of the electron {rejecting and Hansporti^ zone 
and the hole injecting and transporting zone. The oonponents making up the organic EL layer are typically deposited 
by vapor deposition, but may also be deposrted by other conventional techniques. 

In a preferred embodiment the organic material comprising the hole injecting layer has the general fomula: 



wherein: 

QisNorC(R) 

M is a metal, metal oxide or metal halide 

R is hydrogen, alkyl. aralkyl. aryl or alkaryl, and 

Ti and Tz represent hydrogen or together complete an unsaturated six memb^ed ring that can include sul)stit- 
uentesuch as alkyl or halogen. Preferred alkyi moieties contain from about 1 to6 carbon atoms while phenyl constitutes 
a preferred aryl moiety. 

Inapreferredembodimert the hole transporting layer is an aromatic terti^ 
tertiary amines include tetraaryldiamines having the fonrmila: 
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wherein 

Are is an arylene group, 
n s an integer from 1 to 4, and 
IS Ar, R7. Rs and R9 are independently selected aryl groups. 

In a prefenred embodiment, the luminescent, electron injecting and transporting zone contains a metal odnoid com- 
pound. A preferred example of a metal oxinoid compound has the general formula: 




3S 

wherein R7R7 represent suisetitutional possibflities. In another preferred embodiment, the metal oxinoid conpound has 
the formula: 

40 



45 



so 




ss 

wherein RrR? are as defined above and Li-I^ collectively contain twelve or fewer carbon atoms and each independently 
represem hydrogen or hydrocaibon groips of from 1 to 12 carbon alonts^ 

together can form a fused benzo ring. In another preferred embo(fimenl, the metal oxinoid conrpound has the fomujia: 
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wherein R2-R6 represent hydrogen or other sutjstilulional pnOTibiBtleis. 

_The foregoing examples merely represent some preferred organic materials used in the electroluminescent layer 
p»eyarenotirtendedtoliniitthesoopeoftheirwention.virtiichisdir« 

As can be seen from the foregoing examples, the organic EL material includes coorefination conpounds having organic 
ligancte. The TFT-EL dewice of the present invention does not include purely inorganic materials such as ZnS 

In the next processing stSR the EL cathode 84 is deposited over the surface of the device. The EL cathode may be 
any electronically conducting material, however it is preferable that the EL cathode be irade of a material having a vntk 
function ofless than 4eV{8ee-fengetal. US. Pat No. 4.885.211). Lowworicfiinclion metals arepreferredforthecathode 
smce they readily release electrons into the electron transporting layer. The lowest work function metaJs are the alkali 
me«als; however, then- instabirity in air render their use impractical in some situations. The cathode material is Mxcaily 
deposited by physical vapor deposition, but other sutaUe depositnn techniques are applicable. A particularty desirable 
material for the EL cathode has been found to be a 10:1 (atonuc ratio) magnesium:silver aOoy. Prefeiably the cathode 
IS wbed as a contnuous layer over the entire surface of the display panel. In another enftodiment. the EL cathode is 
aMajrercomposedofatower layer ofakiwworkfunctton metal adjacent to theorganicetectronii^ert^ 
zone and. »ertying the tow woritfunctk)n metal, aprotecting layer that protects thelowwori< function meW 
and humidity Optionally, a passivation layer may be appOed over the EL cathode layer. 

" Typically, the anode material is liansparwrt and the cathode ma 
anode material. However, in an alternative embodiment Gght is emitted through the cathode rather than the anode. In 

tills case the cathode must be light transnmssive and the anode may be opaqua A practical balance BgM 1^^ 
and technk»l conductance is typically in ttie thickness range of 5-25 nm. 

A preferred method of making a ttiin-fihn-transistor according to ttie present invention is described below In a fist 
step, an amorphous sflfcon film of 2000 ± 20A ttilckness is deposited at 550»C in an LPCVD system witti silane as *» 
reactant gas at a process pressure of 1.4mbar (1023 mTorr). This is fonowed by a towtenpeiBliffe anneal at SSO'C for 
^h<wrs in vacuum to crystallize the anwphoussilkxmfilmintoapolycr^ 
by etching witti a mixture of SFe and Reon 12 in a plasnra reactor. (>ito tile polysilicon fe^ 
a 1000 ±20A PECVD SiOj gate di^eclric layer. The gate dielectric layer is deposfted from a 5« ratio of N20/SiH4 in a 
plasma reactor at a pressure of 1 . 1 mbar (0.8 Torr) with a power level of 200W and a frequency of 450KHz at 350*0 for 
18 minutes. 

In ttie next step an amorphous silicon layer is deposited over ttie PECVD gate insulating layer and converted to 
polycrystanme siEcon using the same conditions as described above lor ttie first step. A photoresist is applied and ttie 
s condpdysiliconl^er is etched to form a selt-aHgned structure for ttie subsequert fan Innl^ 
polysilicon layer is preferably about 3000A ttifck. 

Ion implantation is conducted by doping witti arsenk: at 1 20KeV at a dose of 2 x low/cmz to simultaneously dope 
tile source, drain and gate regtons. Dopant activation is carried out at GOOoC for two hows in a nitrogen ahnosphere. 

Inttie next step.a5000AttiicksiTk»ndioxae layer is deposited by conventional tow tenpe^ 
eonte* are formed a physical vapw deposition and sintered in for^ 
400^. 

Finally, hydrogen passivation of ttie ttiin-film-ttansistor is carried out in an electron cftiMmn resonance reactor 
(ECR).ECRhydrogen plasma exposure isconductedatapressureof1.63x10-4n*ar(1.2x10-4Torr)vrittiamicr^ 
power level of 900W and a frequency of 3.5 GHz. Hy*ooen passivation is peilbntied I* 
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temperature of 300'»C. This procedure results in a tWrvfflnvtransistor device havmg a low threshold voHage, a high effec- 
tive carrier mobility and an exceflentonftiff ratio. 

As an exanf)le of characteristics of the present invention, consider the drive requirements for the fbllOMng TFTEL 
panel: 



Number of rows 


slOOO 


l^lumber of columns 


olOOO 


Pixel cfimension 


= 200)imx200|un 


ELffll-factor 


= 50% 


frame time 


= 17ms 


row dweO time 


= 17|is 


Avg brightness 


= 20 fL 


EL pixel current 


= 0.8|iA 


Dutycyde 


»100% 


EL power source 


= 10 vrms 



These drive requirements are met by the fbflowing specifications tor the TFTs and the storage capaotor: 
TFT1: 



GatevoHage 


= 10V 


Source voftage 


= 10V 


On-current 


= 2|iA 


Off-current 


10-11 A 



TFT2: 



Gate voltage 


= 10V 


Source voltage 


= 5V 


On-current 


= 2 X EL pixel current 




= 1.6|iA 


Off-current 


»1nA 


Storage capacitor: Size 


sipf 
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The OfHaiTTent requirement for TFT1 is such that it is large enough to charge Mp the storage capacitor during the 
row dwell time (1 7 ^s) to an adequate voltage (10\0 in order to turn on the TTO 

Is such that it is smaD enough that the vottage drop on the capacHor (and TFT2 gate) during the frame period (1 7 ms) 
is less than 2%. 

The onKwemrequiremem for TFr2 is (designed to k>e) about 2 1^ 1.6 |iA. This factor of 

two allows for adequate drive currerrt to conperisale for the gradual degradati^ 

TheoffKairrentof TFT2 affects the contrast of the panel. An off-<ajn^ertrf nA should provide an on/toff contrast ratio 
greater than 500 t>etween a lit and an unfit EL element The actual contiast ratio of the panel nray be lower, depending 
on the ambient lighting factor. 

R>r a full page panel of 400 cnn? the power required by the EL elements alone is abo^ 

P0wer»400cm^x10vx0.001 A/!cm^ »4watts 

This power consumption excludes the power consumed by the TFTs. Since TFT2 is in s^es with the EL element, 
any sourcedrain voHage drop across TFT2 wfll result in substantial power loss in the TFT2. Assuming a source-drain 
voltage of 5 volts, the total power loss on TFT2 is 2 watts. The power consurrpl^ is estimated to be no greater 

than 1 watt for the 1000 x 1000 panel. The power needed for the row (gate) drivers is negOgWe. on the Older of a few 
tens of milDwatls, and the power for the column (source) drivers on the order of 0.5 watt (see S. Morozumi, Advances 
in Bectronics and Electron Physics, edited by RW. Hawkes. \f(A. 77. Academic Press. 1990). Thus* the total power 
consunption for a fiil page TFT-EL panel is about 7 watts. Realistically, the average power consunption would be much 
less since the EL saeen is not 100% on in average usage. 

The TFT-EL panel of the present invention has two important advantages in terms of power requirements over TFT- 
LCD panels. First, the TFT-EL power need is relatively Independent of whethw the panel is monochrome or multi-<x)lor. 
provided that the color materials have a sinular luminescent efficiency In contrast, the TFT-LCD colored panel requires 
a much higher power than the monochrome panel because the transmission factor is greatly reduced in the colored 
panel by the color filter anays. Second, the LCD backlight has to slay on regardless of the screen usage factor, bi 
contrast the TFT-EL power consumption is highly deperxient on this usage factor. The average power consumption is 
much less since less than 100% of the EL screen is emitting at any given time in typical applications. 

The invention has been described in detail with particular reference to prefen^ed embodiments thereof, but it will be 
understood that variations and modifications can be effected within the scope of ttie invention as claimed. 

Claims 

1 . A method of fabricating a TFT-EL pixel comprising tiie steps of: 

a) providing an insulating substrate having top and bottom surfaces, depositing a layer of sOioon on the top 
surfece of said substrate and patterning said layer to form a first and a second p^ island; 

b) depositing a first dielectric layer over ttie top surface of said sitetrate and over said first and second poly- 
crystalline islands to form a gate dielectric layer; 

c) depositing a first strip of material over said first polycrystalfine sificon island, and depositing a second strip 
of material over said second polycryslalline silicon island; 

d) depositing a layer for the bottom electrode of a capacitor: 

e) ion-implanting into said polycrystalline silicon slands and said strips of material to form source and drain 
regions and a doped gate electrode; tfius forming first and second thin-film-transistors; 

Q depositing a second dielectric layer covering said first dielectric layer, said strips of material, and said bottom 
layerofacapacita; 

g) etching tttrough said first and second dielectric layers to form source and drain contact holes and depositing 
conducting material into said source and drain contact holes; 

h) depositing a conductive layer that forms the top electrode of said capacitor; 

0 depositing a cfisplay anode layer electrically connected to said drain of said second thin-film-transistor; said 

anode layer disposed on said second cBelectric layer; 

0 depositing a ttiird dielectric layer over ttie surface otf the artide resulting from St 

k) etching a hole tiirough said third dielectric layer to expose said (fisplay anode layer; 

0 depositing an organic electroluminescent layer over said display anode; and depositing a cathode layer over 

said organic layer. 

2. The method of claim 1 additionally comprising ttie steps of depositing a source to 
source regkm of said first ttiin^filrn-transistor: and depositing a ground bus e^ 
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